Introduction {#Sec1}
============

The developments in the field of thoracic surgery and perioperative anesthetic management have extended its patient population; those who were previously inoperable are now undergoing surgery.

Preoperative evaluations by a multidisciplinary team that includes thoracic surgeons, chest physicians, intensive care physicians, and anesthesiologists have benefited patients in terms of reduced postoperative morbidity and mortality.

The causes of postoperative complications can be divided into three categories: infectious, surgery related, and cardiovascular. The most frequent and severe complications after thoracic surgery are respiratory complications. Some are surgery related such as hemorrhage, bronchopleural fistula, and atelectasis. Other respiratory complications are pneumonia, acute lung injury, and acute respiratory distress syndrome (ARDS). Hypoventilation and ineffective cough caused by several mechanisms such as inappropriate pain management increase the risk of postoperative pneumonia. There are also cardiovascular complications including arrhythmias, pulmonary thromboembolism, and cardiac failure.

The incidence of pneumonia after thoracic surgery is approximately 5.3--22 % \[[@CR1], [@CR2]\]. Factors that influence the incidence of pneumonia include patient population, type of surgery, antibiotic prophylaxis, and diagnostic criteria for pneumonia. The incidence of pneumonia is higher when using clinical criteria compared with objective criteria.

The mortality rate of postoperative pneumonia is approximately 17 %; after thoracic surgery the rate rises to 19--40 % \[[@CR1], [@CR3]\]. Due to the high risk for mortality in this patient population, risk prediction is also crucial for surgical decision-making and informed patient consent. Pneumonia after thoracic surgery causes longer stays in intensive care units (ICU) and hospitals, which in turn increases the costs.

Risk Factors {#Sec2}
============

During the perioperative period, many risk factors play a role in the development of postoperative pneumonia. With the exception of abdominal surgery, the risk of pneumonia after thoracic surgery is 38 times greater than other type of surgery \[[@CR4]\]. Deterioration in pulmonary function after abdominal and thoracic surgery has previously been evidenced through pulmonary function tests, imaging methods, and physiologic measurements \[[@CR5], [@CR6]\].

The risk factors for postoperative pneumonia after thoracic surgery can be separated into three phases as the preoperative, intraoperative, and postoperative periods.

Risk factors related with postoperative pneumonia in thoracic surgery are listed in Table [14.1](#Tab1){ref-type="table"} \[[@CR7], [@CR8]\].Table 14.1Risk factors for postoperative pneumonia after thoracic surgeryAge ≥ 75MaleSmoking historyFEV~1~ \< 70 %Induction therapyPathologic stages III--IVDuration of operation \> 3 hCOPDHistopathologic type (squamous cell carcinoma)*FEV* ~*1*~ forced expiratory volume in one second, *COPD* chronic obstructive pulmonary disease

Arozullah et al. used a combination of risk factors to create a risk index for predicting pneumonia after noncardiac surgery \[[@CR9]\]. The authors developed the risk index from the data obtained from preoperative patient-specific and operation-specific risk factors. They found that abdominal aortic aneurysm repair and thoracic surgery had the highest risk for postoperative pneumonia. The risk index may be useful for high-risk patients; therefore giving these patient groups more attention in the perioperative period and taking preventive measures may reduce the incidence of pneumonia.

Predictors of postoperative pneumonia are explained in some other chapters of this book; there we are going to focus on approach during postoperative period.

The Postoperative Period {#Sec3}
========================

Secretions cause atelectasis and pneumonia during the postoperative period, especially in patients with a smoking history, pain, and inefficient cough. Secretion retention in airways may cause obstruction of broncopulmonary units and atelectasis, and this is even more pronounced in smokers and in patients with chronic lung disease. The diagnosis of sputum retention can be clinical and it is characterized by respiratory distress with rapid, shallow, and bubbly breaths. There was a strong association between sputum retention and postoperative pneumonia in patients with chronic obstructive pulmonary disease (COPD), smoking history, and poor analgesia \[[@CR10]\]. There is a great importance for physiotherapy in this situation. At least two daily visits should be performed; some patients need more. Another noteworthy point is the hydration of patients for secretion mobilization. Oxygen therapy via a facemask inevitably dries secretions when non-humidified oxygen is used. This causes mucociliary dysfunction and a decreased ability to clear secretions, so humidified oxygen should be used. Sometimes mucolytic agents can be helpful. Chest physiotherapy is a therapeutic modality that should be kept in mind. Postural drainage, percussion, and vibration are applied to the affected lung opening and promote coughing during which physicians should provide adequate analgesia. Despite these interventions, tracheal suctioning can be used in patients who cannot remove secretions. Before suctioning, high oxygen fraction should be used in patients at risk for hypoxemia.

Fiberoptic bronchoscopy may be used for clearance of secretions which has the advantage of direct visualization of the tracheobronchial tree and the ability to take sputum samples for culture when a clinically infection is suspected. Sedation is required for this procedure in nonintubated patients; noninvasive ventilation may be used during the intervention to avoid hypoxemia.

Pulmonary Rehabilitation {#Sec4}
========================

Many comorbid conditions accompany lung cancer surgery. Approximately 50 % of patients with lung cancer also have COPD \[[@CR11]\]. Patients with COPD may have ineffective cough, increased secretions, and impaired gas exchange after lung resections, especially hypercapnia secondary to hypoventilation. Some patients may need re-intubation and mechanical ventilation. Pulmonary rehabilitation includes breathing exercise, cough training, and self-management education; psychosocial support has been shown to decrease complications \[[@CR12], [@CR13]\]. Preoperative assessment of these patients for targeting reduces postoperative complications and improves survival. Pneumonia is the most significant postoperative complication that increases morbidity and mortality. These interventions may help reduce the incidence, severity, and risks of pneumonia. Smoking cessation and pharmacological therapies such as bronchodilators, mucolytics, and antibiotics if necessary are useful for patients preparing for lung resection and also those with chronic lung disease.

Pulmonary rehabilitation programs can be preoperatively and postoperatively conducted at certain time periods. These programs include breathing and coughing techniques, inspiratory muscle strength, home-based aerobic exercise, and incentive spirometry \[[@CR14]--[@CR16]\]. Spruit et al. showed that patients with poor functional status after lung cancer treatment improved their exercise capacity using a pulmonary rehabilitation program with a 6-min walk \[[@CR17]\]. However, after patients are diagnosed as having lung cancer, they often feel that surgery must be planned as soon as possible and thus may refuse a pulmonary rehabilitation program.

Analgesia {#Sec5}
=========

The thoracic analgesia is crucial to keep the patient comfortable for reducing postoperative pulmonary complications after surgery. Surgical incision, intercostal nerve injury, and inflammation are major causes of pain after thoracic surgery. Thoracic epidural analgesia is still considered the gold standard for pain relief after thoracotomies, but recently some evidence showed that a paravertebral block had a similar analgesic effect with fewer adverse effects than thoracic epidural analgesia \[[@CR18]\]. For reduced complications after thoracic surgery, patients should be able to breathe deeply, cough, and remove secretions and should be mobilized early. Postoperative ineffective pain relief associates with worsened pulmonary complications. Belda reported that a higher postoperative pain score was an independent predictor of postoperative respiratory infections \[[@CR19]\]. Recently, multimodal analgesia has been preferred for post thoracotomy pain. In this regimen, regional blocks are combined with opioids, nonsteroidal anti-inflammatory drugs, acetaminophen, selective cyclooxygenase −2 inhibitors, and α2 agonists. Multimodal analgesia is more effective and has fewer adverse effects. When the age and comorbid conditions of these patients are considered, more attention must be paid to the drugs used for analgesia in this population.

Does Bronchial Colonization-Airway Colonization Play a Role in Postoperative Pneumonia After Thoracic Surgery? {#Sec6}
==============================================================================================================

In normal conditions, the lower respiratory tract is sterile. Most patients who undergo surgery have a history of smoking with subsequent impairment of mucociliary function and accumulation of secretions in the lung; therefore these patients have facilitating factors for the development of infection.

The source of pathogenic microorganisms responsible for pneumonia in this patient population is not yet clear. Preoperative colonization, colonization during intubation or mechanical ventilation, and aspiration during the perioperative period can cause pneumonia after thoracic surgery \[[@CR20]\]. The incidence of airway colonization in patients with lung cancer varied between 10 and 83 % \[[@CR1], [@CR19], [@CR21]\]. Taking samples using different methods (bronchoalveolar lavage (BAL), protected specimen brush (PSB), endotracheal aspiration (ETA), spontaneous sputum) and at different times (preoperative, perioperative, or postoperative period) may account for this wide range.

Some studies have been shown that healthy, nonsmoking patients have no airway colonization \[[@CR22], [@CR23]\]. Healthy smokers and patients with COPD had bacterial colonization at 29 % and 66 %, respectively \[[@CR24], [@CR25]\]. Monso showed that 25 % of 40 stable patients with COPD had airway colonization; the most commonly isolated microorganisms were *Haemophilus influenzae* and *Streptococcus pneumonia* \[[@CR26]\].

Patients who undergo thoracic surgery have similar colonization patterns to patients with COPD. Although the relationship between airway colonization and ventilator-associated pneumonia has been proven, bronchial colonization and pneumonia in patients after lung cancer surgery are unclear. Several studies investigated this issue. Hirakata et al. investigated the airway colonization patterns in patients with primary lung cancer and nonmalignant lung disease and healthy volunteers \[[@CR27]\]. The rate of bacterial colonization was significantly higher in patients with lung cancer (51.9 %) than in those with nonmalignant lung disease (37.3 %) and healthy volunteers (37.8 %), and the Gram-negative colonization was higher in this cancer group than in other patient populations. The pathogenesis of airway colonization in patients with lung cancer is not clear, but centrally located tumors and high body mass index were found to be risk factors for colonization \[[@CR28]\]. Smoking and poor pulmonary functions also add risk for colonization in patients with COPD. Furthermore, sampling methods that evaluate the incidence of airway colonization are imperative in this patient population.

Which time period is important to the development of pneumonia with respect to colonization? Sok et al. performed a study to verify the origin of microorganisms that caused pulmonary infections after lung cancer surgery \[[@CR29]\]. They obtained samples of sputum 3 days before surgery, during surgery, and 3 days after surgery. The microorganisms that caused infections were isolated as preoperative 18 %, intraoperative 13 %, and postoperative 63 %. They found that the microorganisms which caused pneumonia were the same with microorganisms which were isolated in sputum at the 3rd postoperative day. The authors concluded that the colonization of the airway usually occurs during the postoperative period; the oral cavity and pharynx were the source of pathogens.

Cabello et al. investigated distal airway colonization in patients with pulmonary carcinoma and obtained samples from proximal to the endobronchial lesion using a PSB \[[@CR22]\]. They used ≥10^2^ cfu/mL as a cutoff value for colonization and found that 42 % of patients had bronchial colonization. Sixteen of 25 isolated microorganisms were non-potential pathogenic microorganism, and the most isolated potential pathogen microorganism was *H. influenza*. Similarly, Ionas et al. found 41 % bronchial colonization in patients with resectable lung cancer \[[@CR28]\].

Rather than the colonization of the airway, the similarity of microorganisms that colonize the airway and cause pneumonia is a more relevant issue. The correlation between these pathogens is controversial. Ionas reported that there was no relationship between postoperative infectious pulmonary complications and bronchial colonization \[[@CR28]\]. Sok demonstrated that postoperative infective complications were caused by Gram-negative bacteria, whereas most of the positive cultures obtained preoperatively were Gram positive \[[@CR29]\]. The change in the pattern suggests that the colonization of microorganisms in the early postoperative period may be caused by the aspiration of gastric contents and frequent interventions to the airway in the operating room and ICU. In contrast to these studies, some authors reported a good correlation between microorganisms isolated from patients who developed postoperative pneumonia with the same agents identified preoperatively \[[@CR1], [@CR19], [@CR21], [@CR30]\]. Appropriate prophylactic antibiotics and optimal duration of prophylaxis are the most imperative considerations for the prevention of postoperative pneumonia in patients who are colonized with potentially pathogenic microorganisms (PPMs) preoperatively.

The most common preoperatively isolated microorganisms from the airway are *H. influenzae*, *S. pneumonia*, and *Staphylococcus aureus*. Although approximately 50 % of postoperative pulmonary pathogens are not documented, some of the isolated pathogens have been different in various studies. In pneumonia developed during late postoperative period, resistant strains of gram-negative bacteria should be considered as potential pathogens. In the early postoperative period (first week), *H. influenzae* and *S. pneumonia* are the most common pathogens, but more resistant microorganisms such as *Pseudomonas aeruginosa*, *Acinetobacter baumannii*, and *Klebsiella pneumonia* cause pneumonia in the late postoperative period. Cytomegalovirus (CMV) infection in patients with hematologic malignancies, patients who are human immunodeficiency virus positive, and lung transplant recipients is common, but the incidence of CMV infection in other types of cancer patients is not well known. A study performed in a surgical ICU showed that the incidence of CMV infections was around 35.6 % \[[@CR31]\]. The essential thing here is to suspect a CMV and make the correct diagnosis, especially in patients under treatment with steroids. Preemptive antiviral therapy is administered in selected patient populations but not in thoracic surgery. Antiviral therapy should be considered for patients with severe pneumonia, ARDS, and resistant to classical antibacterial therapy in postoperative period especially for patients who underwent induction therapy. The widespread use of antibiotics also affects the type of microorganisms that colonize.

Antibiotic Prophylaxis {#Sec7}
======================

Antibiotic prophylaxis should be used for thoracic surgery because of the clean contaminated nature of these operations. The relationship between airway colonization during the perioperative period and postoperative pneumonia after thoracic surgery enhances the significance of antibiotic prophylaxis in this field. Despite the routine use of antibiotic prophylaxis, the incidence of postoperative pneumonia is also high (24 %) \[[@CR1], [@CR2]\]. In several studies the onset of postoperative pneumonia developed in the first week.

Which type of prophylactic antibiotics is recommended in this type of surgery? First- and second-generation cephalosporins such as cefazolin, cefamandole, cefuroxime, and cefepime are the most frequently used agents for prophylaxis in pulmonary resections in many countries. These agents are highly successful in preventing surgical wound infections but their effectiveness in pneumonia should be questioned \[[@CR32]\]. In a study that investigated the efficacy of prophylaxis, it was shown that the microorganisms that caused pneumonia were not sensitive to prophylactic antibiotics \[[@CR32]\].

Most of the microorganisms responsible for postoperative pneumonia are Gram negative and are resistant to first- and second-generation cephalosporins.

Preoperative microbiologic examination of the tracheobronchial tree may be helpful to select effective antibiotic prophylaxis. Several studies investigated the effect of different prophylactic agents on postoperative pneumonia (1, 33). Schussler compared cefamandole (3 g/24 h) with amoxicillin-clavulanate (6 g/24 h) and found a significant decrease in the incidence of postoperative pneumonia in the second group and concluded that antibiotic prophylaxis may decrease the rate of pneumonia after surgery. Another study compared cefuroxime and cefepime and found that cefuroxime was more effective than cefepime as a prophylactic agent \[[@CR33]\]. Most of the microorganisms responsible for postoperative pneumonia are Gram-negative bacteria, and 50 % of them are *Enterobacteriaceae* spp., which are resistant to these antibiotics \[[@CR32]\].

The dose and duration of antibiotics used for prophylaxis are another major challenge. The first dose is usually administered after the induction of anesthesia. Some protocols only use a single dose, whereas other protocols use antibiotics for 24 or 48 h for prophylaxis \[[@CR34]\].

Skin and oropharyngeal flora can be the source of microorganisms that cause postoperative pneumonia after thoracic surgery. Therefore antibiotic prophylaxis should be considered before surgery and in cases of pneumonia microorganisms from the skin, and oropharyngeal flora must be covered.

Microorganisms that colonize the bronchial tree are usually responsible for postoperative pneumonia. In addition to antibiotic prophylaxis, surveillance results and antibiotic sensitivity patterns should be considered.

Using classical criteria for diagnosis of pneumonia after lung resection is more difficult than other types of surgery because fever, hypoxemia, and abnormal chest X-ray findings are commonly seen after lung resections.

Diagnosis {#Sec8}
=========

The actual incidence of postoperative pneumonia after thoracic surgery is unknown. There is no gold standard for the diagnosis of postoperative pneumonia so the incidence of pneumonia varies in the literature. Many centers use only clinical criteria, whereas others use invasive diagnostic techniques. Fever \> 38 °C, leukocytosis (white blood cell count ≥12000cells/μL) or leukopenia (white blood cell count ≤4000 cells/μL), purulent secretion, and new or progressive consolidation on chest X-ray are parameters used when pneumonia is suspected (Fig. [14.1](#Fig1){ref-type="fig"}). In addition to these criteria, dyspnea, worsening oxygenation, and changes in the amount or character of sputum support the diagnosis of pneumonia. Radiologic signs of pneumonia may be difficult to differentiate pneumonia from pulmonary embolism or atelectasis, especially in the immediate postoperative period. Chest X-rays are taken in the ICU with portable machines, which also add difficulty resulting in suboptimal quality images. The evaluation of chest X-rays is more difficult in patients who undergo lung surgery, and for these reasons, chest X-rays are only used to support the diagnosis; therefore thorax CT may be useful for definitive diagnosis in this situation (Figs. [14.2](#Fig2){ref-type="fig"} and [14.3](#Fig3){ref-type="fig"}).Fig. 14.1Chest X-ray showing pneumonia after the right pulmonary resection Fig. 14.2CT image of right pneumonia after the left pneumonectomy Fig. 14.3CT image of right pneumonia after the right pulmonary resection

Endotracheal aspiration cultures are mostly used for the diagnosis of pneumonia. This is an inexpensive, easy, and quick method when compared with bronchoscopic cultures. However, its accuracy is questionable in many respects; distinguishing between infection and colonization is very difficult. If ETA samples are quantitatively analyzed, the accuracy of the results is close to bronchoscopic results.

Differential diagnosis in this period is quite difficult. Sputum samples should be obtained if patients can cough effectively. For patients being treated in the ICU and being mechanically ventilated, fiberoptic bronchoscopy is very convenient. Bronchoscopic sampling should especially be performed in patients who fail to respond to antibiotic treatment. Bronchoscopic sampling is appropriate for rare microorganisms such as viral, fungal, and atypical etiologic agents in patients who had induction therapy before surgery. Microorganisms isolated from airways during the perioperative period may help to initiate empiric antibiotic treatment.

Treatment {#Sec9}
=========

The empirical antibiotic treatment should be started based on patient factors, local infection, and susceptibility patterns. If patients have no risk factors for multidrug-resistant microorganisms (MDR) such as neoadjuvant therapy, longer entubation time, and steroid therapy aminopenicillin (sulbactam/ampicillin or amoxicillin/clavulanic acid), third-generation cephalosporin (cefotaxime) or narrow-spectrum carbapenem (ertapenem) can be used. If patients have risk factors for MDR, antipseudomonal cephalosporin (cefepime, ceftazidime), or antipseudomonal carbapenem (meropenem, imipenem), β-lactam/β-lactamase inhibitor (piperacillin/tazobactam) + antipseudomonal fluoroquinolone (ciprofloxacin) or aminoglycoside (amikacin, gentamicin) can be used, and if MRSA is suspected, vancomycin or linezolid should be used. Antibiotic therapy is arranged according to culture results and patient clinical status. In recent years there has been an increased incidence of resistance to *Acinetobacter* spp., which should be taken into account because this bacteria is only susceptible to colimycin.
